Stock trend prediction has been a challenge task for many traders. For stock traders, promptly predicting the bearish or bullish market status is very helpful in reducing the losses and increasing returns. This paper presents a Hidden Markov Models (HMM) approach for determining stock trend status: "upper trend", "low trend", or "Medium". And a simple trade strategy based on the estimated trend status is formulated.
Introduction
Predicting stock price has been a challenging task for many investors and researchers. Methods such as time Series Models (ARIMA), Neural Networks, Fuzzy Logic and Support Vector Machines have been used to predict the stock price, or determine the stock trend. In addition, there have been some applications using Hidden Markov Model (HMM) for this problem. Md. Rafiul Hassan and Baikunth Nath [1] predicted the next day price by using the "similar" his- c) For a fixed state, the observation t O is generated according to a fixed probability law. Given a state k, the probability of t O can be specified as: In such a case, the conditional observation probability can de described by:
= is the transition probability matrix, and ( )
. AHMM model can be described by parameters: ( , , )
A B π λ = .
Three Basic Problems Can Be Resolved with HMM
A full HMM model can be described by parameters: ( , , )
A B π λ = . Given the form of HMM model as discussed above, three basic problems can be resolved:
2) Given the observation vector ( )
A B π , how to guess the "best" state sequence who generates the O? 3) How to estimate the model parameters λ to maximize P(O|λ)?
Three Algorithms to Solve the Problems
The algorithms that can be used to solve these problems are: 
Finally, the Decoding problem can be resolved with Viterbi Algorithm: 
arg max
( ) Although the number of states for a HMM model can be determined with criteria such as AIC, BIC, etc., we use a three states HMM model here, assuming that the stock trend may have "Upper trend", "Lower trend", or "Medium" state.
Model Calibration

HMM Based Trading Strategy
The HMM based trading strategy used here is pretty straightforward: on each test date, if the calibrated HMM indicates the stock is currently in "Upper trend", we will sell if we have the stock. If HMM tells that it is in "Lower trend", we will buy if we have cash in hand. Otherwise do nothing. Finally, the trading results are compared with "Buy and Hold" at the end of the test date. We did not consider the costs of trading fees here. 
HMM Based Trading Results
Conclusions
This paper demonstrates an approach to use a simple Gaussian Hidden Markov
Model to determine the stock price "trend status" and make the stock trade deci- 1) In this paper we apply the HMM model directly on the stock close price.
Hence our HMM model in fact juts tell use which "level" status the stock price is at. It will be interesting to see how it will work if apply the HMM on returns, or difference.
2) We use the Viterbi algorithm to determine the "current status". It is actually the "status" of last traded date. It is possible to use the one step ahead forecast to determine the current status.
3) The Simple Gaussian HMM used here can describe relatively long term pattern of the observation level status. To capture the short variability and influence of other factors, a HMM with regression, or auto regression may be considered.
4) The Gaussian assumption for distribution of each state could be extended to Gaussian mixture distribution.
Finally, it should be pointed out that the stocks in our example have stock prices up and down periodically for period we considered. If a stock is in a pure long term growing, or downing period, the trading strategy described here may not be modified.
